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THE EFFECT OF THE ADRENOTROPHIC HORMONE
OF THE ANTERIOR PITUITARY ON THE CHOLES-
TEROL CONTENT OF THE ADRENALS*
WITH A REVIEW OF TjE LITERATURE ON ADRENAL CHOLESTEROL
GEORGE SAYERS, MARION A. SAYERS, EDITH G. FRY,
ABRAHAM WHITE, AND C. N. H. LONG
We have previously reported (Sayers, Sayers, White, and
Long75) that the administration of pure adrenotrophic hormone to
immature rats is followed by a reduction in the adrenal cholesterol.
After a single dose of the hormone the adrenal cholesterol falls for
a period of three hours and then returns to normal within the next
24 hours.
In this paper we shall report our further experiences with this
unexpected property of the adrenotrophic hormone and since this
effect appears to correlate a large number of previous and often con-
tradictory findings on the alterations in the cholesterol content of
the adrenal under various circumstances we shall also present a
review of these changes and their significance in the light of these
new dbservations.
Material and methods
The immature 21-day-old male rats used were obtained from the Con-
necticut Agricultural Experiment Station (Yale strain) and from the Breed-
ing and Laboratory Institute, Brooklyn. Care was taken to select healthy,
growing animals, since it has been observed that a low concentration of
adrenal cholesterol is always found in the presence of an infection. This is
in agreement with the observations of Sperry and Stoyanoff.79 Consequently
only animals that gained in weight during a preliminary three-day observation
period were employed.
The adult male rats used were of two strains, Yale rats from our own
laboratory stock and animals from the Sprague-Dawley colony. They were
fed a diet of Purina dog chow and had access to water at all times. Some
of the rats were hypophysectomized when from 45 to 55 days of age. Intact
* From the Department of Physiological Chemistry, Yale University School of
Medicine. This investigation has been aided by a grant from the Fluid Research
Fund, Yale University School of Medicine. A part of the data in this paper is
taken from a dissertation presented by G. S. as partial fulfillment of the require-
ments for the degree of Doctor of Philosophy, Yale University.YALE JOURNAL OF BIOLOGY AND MEDICINE
and hypophysectomized rats were fasted 24 and 18 hours, respectively, in
all experiments where liver glycogen was determined.
At the end of each experimental period the adult rats were anesthetized
with nembutal. Blood samples were then withdrawn from the inferior vena
cava and a lobe of the liver was removed for analysis of its glycogen content.
The adrenals were then dissected out, weighed to the nearest 0.1 mg. on a
torsion balance, and placed in the extraction mixture. The sella turcica of
the hypophysectomized rats was carefully checked to establish the completeness
of the operation.
The immature animals in which blood and tissue analyses were not made
were killed with illuminating gas and the adrenals were immediately removed.
Pure adrenotrophic hormone was prepared from hog or beef pituitaries
according to the method of Sayers, White, and Long.76 This preparation
behaves as a homogeneous substance in the Tiselius apparatus and in the ultra-
centrifuge. The biological assay methods employed indicate that this sub-
stance is free of growth, gonadotrophic, lactogenic, and thyrotrophic hormones
but still contains small quantities of posterior lobe principles so that each mg.
of adrenotrophic hormone has a pressor activity varying from 0.1 to 0.6
international units per mg. Since the best preparations of posterior lobe
pressor principle contain 200 to 400 units per mg. the actual contamination
of the adrenotrophic hormone with this principle is very small. Aqueous
solutions of the adrenotrophic hormone were administered intraperitoneally in
a volume of 0.1 to 0.5 ml.
Liver glycogen was determined by the technic used in this laboratory.
Total cholesterol in the adrenals and blood serum was determined by the
Schoenheimer-Sperry method as described by Sperry.78 During the course
of this investigation new modifications designed to improve certain technical
details were brought to the attention of the authors by Dr. Sperry and they
were used thereafter with satisfactory results. The intensity of the color
developed in the Lieberman-Burchard reaction was measured by an Evelyn
photo-electric colorimeter.
The cholesterol analyses were conducted on either single or paired adrenal
glands of each rat and on 0.2 ml. of serum. Calculations were made in
terms of the per cent of cholesterol in the fresh adrenal tissue and of the
total cholesterol in both adrenals per unit of body weight. In a few experi-
ments the concentration of cholesterol in each adrenal of the same animal
was compared. No significant difference was found to exist. When one
adrenal gland was used for histological study the total adrenal cholesterol was
taken to be the concentration found in the single gland multiplied by the
weight of both adrenals. Frozen sections of some adrenal glands were
stained with Sudan III.*
* We are indebted to Dr. T. Harvey of the Department of Pathology for pre-
paring and examining these sections.
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Results
1. Effect of a single dose of adrenotrophic hormone on adremsl
cholesterol.
24-day-old rat. There is no significant difference between the
cholesterol content of the adrenals of untreated immature male rats
of the Yale and Brooklyn strains. Furthermore, the response of
the adrenal to administration of adrenotrophic hormone was identical
in both strains of rats. The results given in Table 1 represent the
combined data from the two strains of rats.
The percentage concentration of cholesterol in the adrenal tissue
ofthe immature rat is significantly less than that in the adult animal.
However, due to the fact that the young animal has a relatively
larger mass of adrenal tissue, the amount of adrenal cholesterol per
unit of body weight is greater than in the adult rat.
One hour after the administration of adrenotrophic hormone a
small, but not statistically significant, decrease occurs in the adrenal
cholesterol. Three hours after the injection of the same amount
of hormone the decrease is marked anddefinitelysignificant, amount-
ing to about 45 per cent. At this time there is also olbserved a
striking depletion of sudanophilic material throughout the entire
cortex.
The adrenal weight increases during the first three hours after
the injection and continues to do so until at least the 9th hour. Dry
weight determinations of the glands have not been made; therefore
it cannot be decided whether this increase in weight is due to an
actual tissue mass increase, a gain in water content, or both.
From Table 1 it can be seen that at 6 and 9 hours after the
administration ofadrenotrophic hormone the concentration of choles-
terol in the adrenal begins to increase again and within 24 hours
after the administration of 2 mg. of hormone it has returned to
normal. However, due to the gross hypertrophy of the adrenals
that has now occurred the total amount of adrenal cholesterol in
the body has increased.
Adult intact rat. From Table 2 it can be seen that there is no
difference in concentration of cholesterol in the adrenals of untreated
rats of the Yale or Sprague-Dawley strains. The adult adrenal
gland does not respond to adrenotrophic hormone with a change in
weight in the short periods studied as does that of the immature
rat; therefore changes in cholesterol calculated in terms of per cent
364ADRENAL CHOLESTEROL 365
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in the gland or on the basis of body weight closely parallel one
another.
Within 3 hours after administration of 5 mg. of adrenotrophic
hormone per 100 gm. of body weight to either strain of intact rats,
the cholesterol content of the adrenal is reduced to less than two-
thirds of its normal value. At 6 and 9 hours it is at the same low
level. Periods of longer than 9 hours were not studied in this
group.
A preparation of adrenotrophic hormone, 148A, made from beef
pituitaries had an action similar to that described for the hog prepa-
ration. The changes in adrenal cholesterol brought about by the
administration of the bovine hormone are shown in Table 2.
Hypophysectomized rats. Three days after hypophysectomy
(Table 3) no decrease in weight of the adrenal glands, calculated
on the basis ofbody weight, has occurred. During this early period
following the operation the loss in adrenal weight is proportional
to the loss in body weight. It is interesting to note that the con-
centration of cholesterol in the gland has actually increased above
that observed in the intact rat. Apparently the factors involved in
t}we accumulation of cholesterol in the adrenal cortex can operate in
t e absence of the adrenotrophic hormone.
From Table 3 it can be seen that the same changes in adrenal
cholesterol as those described in the previous groups of experiments
with intact immature and adult rats also occur when adrenotrophic
hormone is administered to the rat 3 days followinghypophysectomy.
When the period following hypophysectomy is extended to 14
days the adrenal glands become reduced to one-half their normal
size (Table 3). The concentration of cholesterol in the adrenal
glands is slightly, but not significantly, greater than that of the
untreated intact rat, but due to the glandular atrophy the total
amount per unit of body weight is decreased. As can be seen from
Table 3 adrenotrophic hormone does not produce any change in
adrenal cholesterol, at least not within a period of 9 hours after
injection. However, when a total dose of S mg. of adrenotrophic
hormone is administered to the 14-day hypophysectomized rat over
a period of 3 days normal glandular size and cholesterol content are
restored. It would seem that the response to a single injection of
adrenotrophic hormone depends, therefore, upon a certain level of
activity of the cells of the cortex.
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2. Effect of pitressin on adren4l cholesterol.
In view of the slight, but definite, contamination of the adreno-
trophic preparations with posterior pituitary pressor principle it
seemed advisable to study the effects of this substance on the adrenal
cholesterol. Since the quantity of adrenotrophic hormone injected
contained from 0.1 to 0.6 units of pressor activity per mg., a series
of immature male rats was injected with doses of pitressin (Parke-
Davis) varying from 0.1 to 5 units and the adrenal cholesterol was
determined three hours later.
While doses of 0.1 and 0.5 units of pitressin had no effect on
the adrenal cholesterol (Table 1), the injection of 1, 2, and S units
brought about a decrease of about 17 per cent. It is to be concluded
that the contamination of the adrenotrophic preparations with pitres-
sin can account for only a small part of the ability of this anterior
pituitary hormone preparation to decrease adrenal cholesterol concen-
tration 3 hours after hormone injection.
3. Effect of a single dose of adrenotrophic hormone on liver
glycogen.
Adult intact rat. Administration of adrenotrophic hormone to
the adult intact and fasting rat brings about the deposition of
glycogen in the liver during the period in which adrenal cholesterol
is decreased (Tajble 2). Gluconeogenetic activity of this nature is
characteristic of the cortical hormones themselves (Long, Katzin,
and Fry49) and although the evidence is indirect, it suggests that
the administration of adrenotrophic hormone has enhanced the
secretion of those steroids of the type of corticosterone that are
known to increase the liver glycogen and the urinary nitrogen excre-
tion of fasting animals.
Hypophysectomized rats. In the hypophysectomized rat, oper-
ated 3 days previous to hormone treatment, adrenotrophic hormone
also brings about the deposition of glycogen in the liver during the
period in which the cholesterol content of the adrenal is diminished
(Table 3). Twenty-four hours after hormone treatment, at which
time the adrenal cholesterol has returned to its normal concentration,
liver glycogen has decreased to the original pre-treatment level.
Although the level of liver glycogen in the hypophysectomized
animal 9 hours after hormone administration is only one-half that
of the treated intact rat this amount is considerable when the very
low fasting level of liver glycogen and the abnormally high rate of
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oxidation' of carbohydrate (Russell73) in the untreated hypophy-
sectomized rat are taken into account.
From Table 3 it can be seen that adrenotrophic hormone had no
gluconeogenetic activity in the rat hypophysectomized 14 days previ-
ous to treatment. It will be recalled that this animal did not respond
to adrenotrophic hormone with a decrease in adrenal cholesterol.
4. Effect of asingle dose ofpitressin on liverglycogen.
The possibility that the slight pressor activity of adrenotrophic
hormone may account for its gluconeogenetic properties has been
considered. The preparation of hormone used in the experiments
presented in Tables 2 and 3 had a pressor activity of 0.1 international
units per mg., which means that each animal received 0.5 units per
100 gm. of body weight. Six times this amount of pitressin did not
alter the liverglycogen when allowed to act over a period of 9 hours.
5. Effect ofadrenotrophic hormone on serum cholesterol.
The level of serum cholesterol, determined after a 24-hour fast,
is lower in the Yale strain of rats than in the Sprague-Dawley rats
(Table 2). Hypophysectomy is followed by an increase in serum
cholesterol (Table 3). Adrenotrophic hormone, made from hog
pituitaries, had no effect upon the serum cholesterol level of adult
intact, three-day, or 14-day hypophysectomized rats, but preparation
148A, made from beef pituitaries, produced a significant drop in the
serum cholesterol of Yale rats three hours following the administra-
tion of hormone (Tables 2 and 3). The reason for this difference
in the effect of the two preparations is unknown.
6. Effect of repeated doses of adrenotrophic hormone on adrenal
cholesterol.
When 2 mg. of hormone are administered (Table 1) over a
period of 3 days the percentage of cholesterol in the glands is
unchanged, but since the glands increase in weight the absolute
amount of adrenal cholesterol calculated on the basis of body weight
is increased. Evidently thenewtissuebeinglaid down has deposited
with it a normal amount of cholesterol. The density and distribu-
tion of sudanophilic material in the adrenal cortex is quite similar
to that found in an untreated animal. When the dose of hormone
administered over 3 days is increased to 5 mg. there results a marked
increase both in the percentage of cholesterol in the adrenals and
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in the total amount ofadrenal cholesterol in the body. Sudanophilic
material is present in abnormally high concentration throughout the
entire cortex making it impossible to distinguish any of the character-
istic zones.
Discussion
The results indicate that the injection of pure adrenotrophic
hormone from the anterior pituitary rapidly decreases the cholesterol
content of the adrenals of the immature rat, the adult rat, and the
hypophysectomized rat, provided the period following hypophysec-
tomy is not of too long a duration. In work to be reported at a
later date it will be shown that the hormone specifically acts upon
the cholesterol of the adrenal and does not produce any change in
the total cholesterol content of the other organs of the body. It can
also be stated that it is the cholesterol content of the adrenal cortex
that is affected by this hormone.
These changes in the cholesterol content of the adrenal cortex
strongly suggest that they are associated with an increased secretion
of the characteristic hormones of this gland. In our present experi-
ence and in that of others (Grattan and Jensen29) the injection of
adrenotrophic hormone increases liver glycogen. It also confers
insulin resistance (Jensen and Grattan37) and protects hypophysec-
tomized animals against the deleterious effects of cold (Tyslowitz
and Astwood8"). Since similar effects are also produced by the
injection of the adrenal cortical hormones themselves it is to be
concluded that the adrenotrophic hormone actually does increase the
rate of secretion of the hormones of the adrenal cortex. In conse-
quence, the simultaneous reduction in the cholesterol content of an
organ whose characteristic hormones are also of a steroid character
offers the possibility that in some way the adrenal cholesterol partici-
pates in the formation of these hormones. Further work, however,
is necessary to establish such an hypothesis, since it is also possible
that the changes in adrenal cholesterol are only indirectly related to
those governing the formation and secretion ofthe cortical hormones.
There is now ample evidence that the secretory activity of the
adrenal cortex is dependent upon the integrity of the anterior pitui-
tary and the isolation of the specific adrenotrophic hormone (Li,
Evans, and Simpson,48 Sayers, White, and Long76) leaves little doubt
that alterations in the levels of secretion of this hormone by the
anterior pituitary determine those of the adrenal cortex.
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The literature contains a large number of references to the altera-
tions in the cholesterol content of the adrenal under a variety of
circumstances. Many of these are of a contradictory character and
up to the present time no satisfactory general hypothesis accounts
for the wide variations observed. The demonstration in this paper
that adrenotrophic hormone by itself can cause a decrease and ulti-
mately an increase in the cholesterol content of the adrenal opens
the way to an interpretation of these earlier findings in terms of
the response of the pituitary and adrenal to the alterations in the
external and internal environment to which the animals have been
exposed.
In view of these findings it can be appreciated that the duration
and intensity of pituitary stimulation will be determining factors in
the changes which occur in cortical lipids. It is the very important
factor of time which is quite often omitted from the protocols of
reported investigations and leads in some instances to apparent dis-
crepancies. Thus, following exercise, in the guinea-pig Knouff,
Brown, and Schneider43 found a decrease in adrenal cholesterol
whereas Anderson' reports no decrease, and possibly a slight increase
in stainable lipid in the cortex of rats subjected to exercise. How-
ever, Knouff, Brown, and Schneider43 analyzed the adrenals imme-
diately after the period of activity and Anderson' made the determi-
nations 16 hours after exercise. The changes reported by both
investigators are not in disagreement but are to be expected from
the adrenal cholesterol time-response curve estaiblished for pure
adrenotrophic hormone.
A majority of the studies have made use of histochemical tech-
nics, the results of which are necessarily qualitative and sulbject to
individual interpretation by each investigator, although it must be
said that these technics demonstrate the distribution of stainable
lipids throughout the various zones of the cortex.
Fat stains such as Sudan, Scharlach R, and osmic acid stain a
large number of substances. Kaufmann and Lehmann4" have found
that Sudan stains certain free fatty acids, all triglycerides of fatty
acids, cholesterol esters, and free and combined lecithin. According
to the Microtomist's Vade-Mecum (Gatenby and Cowdry2") Sudan
and Scharlach R stain fatty esters and cholesterol esters, whereas
Mallory52 is of the opinion that Sudan stains almost all fat occurring
in the body. In spite of the uncertain nature of stainaible lipids the
concentration of at least one of these closely parallels the concentra-
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tion of cholesterol in the adrenal gland. In this laboratory a very
close parallelism has been found to exist between the density of
sudanophilic material and the concentration of total cholesterol in
the adrenals under circumstances in which these substances were not
only markedly depleted but were also stored in excess.
It is appropriate to mention briefly some other histochemical
technics. Osmic acid is of limited value as a fat stain since it reacts
with many non-fattysubstances (Mallory,52 Gatenby and Cowdry26).
Double refraction is not a specific test for cholesterol for any fat-like
substance except the neutral fats and fatty acids may appear as aniso-
tropic spheres through the polarizing microscope. The Schultz test
for cholesterol is never positive if cholesterol is absent, but it may
be negative when cholesterol is present. The Windaus digitonin
reaction applied to tissue sections reveals free cholesterol only and
this fraction of cholesterol is very likely to be of minor importance
in the changes which take place in the adrenals.
Alargenumber ofmethodsvaryingwidely in accuracy have been
used in the quantitative determination of cholesterol. Reliable
methods, such as that of Schoenheimer and Sperry,78 isolate choles-
terol as a digitonide from the tissue extract. The digitonide may
be weighed orsubjected tothe Lieberman-Burchard reaction. How-
ever, even though this highlyimproved technic leads to reproducible
results it is open to the criticism that certain undetermined, although
probably very small, amounts of substances other than cholesterol
are precipitated by digitonin and give a color in the Lieberman-
Burchard reaction (Anderson4).
Noattempt will be made to evaluate the accuracy of the methods
used by the investigators whose work will be reviewed. The pri-
mary interest here concerns changes in adrenal cholesterol under a
variety of experimental conditions, rather than absolute values of
this substance. It is felt that a general picture can be gathered from
the available data since the changes noted in experimental groups
are compared in the great majority of cases with controls analyzed
-by the same technic.
There is a tendency to generalize about adrenal lipids from a
study of a single component of these substances. The word adrenal
lipid is often used interchangeably with sudanophilic substance;
however, the term lipid includes a large number of substances and
the change in a particular one or group of these substances should
not -be taken to mean a change in all of the lipid constituents of
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the gland. Knouff, Brown, and Schneider43 have shown that choles-
terol decreases under circumstances in which no change in the fatty
acid composition ofthe glandtakes place. In this discussion changes
in particular components will be descriibed and the nature of these
components will be characterized as far as possible from the experi-
mental data.
In a gland like the adrenal, in which considerable variations in
size are encountered under different circumstances, it is of importance
when speaking of changes in the cholesterol content of that organ
to state in precise terms the methods of calculation of the results,
whether or not adrenal cholesterol is expressed as per cent of fresh
or dry adrenal weight or as cholesterol per unit of body weight.
During pregnancy in the rabbit the concentration of cholesterol in
the adrenal tissue decreases, but because of a great increase in the
size ofthe gland the total adrenal cholesterol per unit of body weight
actually increases (Randall and Graubard70). In this review of the
literature, except when specifically noted, changes in cholesterol are
expressed as the per cent of total (free plus ester) cholesterol in
the fresh adrenal tissue.
It is possible, in spite of the difficulties just mentioned, to obtain
from the large amount ofexperimental data inthe literature aunified
picture ofthe response of the adrenal cortex to various states ranging
from slight alterations of environment or diet to severe conditions
of stress leading to death. The following topics have been con-
sidered in the elaboration of this unified picture.
1. The regulatory control of cortical hormone secretion by the
pituitary.
The response of an animal to stress involves the regulatory con-
trol of the pituitary body over the adrenal cortex. Removal of
the hypophysis decreases resistance to infection, to toxic agents
(Perla67), and to exposure to cold (Tyslowitz and Astwood81).
This lowered resistance can be increased by administration of either
cortical hormone or adrenotrophic hormone. The mechanisms,
humoral or nervous, which respond to the stress and stimulate the
anterior pituitary are as yet unknown.
2. Role of cortical secretions in stress.
There is an increased secretion of cortical hormone when the
organism is subjected to stress (Venning, Hoffman, and Browne,83
373YALE JOURNAL OF BIOLOGY AND MEDICINE
Horwitt and Dorfman"2),at least, as judged by the appearance of
steroids having the activity of these hormones in the urine. The
increased sensitivity of the adrenalectomized animal to slight changes
in environment together with the definite increase of the resistance
of this animal when given cortical hormone therapy testify to the
importance of this secretion in the response of the animal to stress.
Here again, however, the exact rOle of the adrenal hormones in
enaibling an animal to meet conditions of stress within either the
internal or external environment is exceedingly ill defined.
3. The regulatory control of adrenotrophic hormone over the
cholesterol and sudanophilic material in the adrenal cortex.
It can be seen that both the pituitary and adrenal are essential
for the normal response of the animal to stress. The question
naturally arises as to how the adrenotrophic hormone of the anterior
pituitaryexerts iits effect upon the adrenal cortex. The experimental
part of this report has presented evidence to show that the adreno-
trophic hormone is involved in biochemical transformations which
include adrenal cholesterol. The ability of the hormone to bring
about simultaneously a deposition of glycogen in the liver and deple-
tion of adrenal cholesterol suggests that the transformations concern
cortical hormone synthesis or release. However, apart from the
suggestion that the adrenotrophic hormone acts as a catalyst, it has
been established experimentally that the hormone is primarily con-
cerned in the transformation and/or removal of cholesterol from
the adrenal cortex. The hormone is not a necessary factor in the
processes concerned with the maintenance or accumulation of choles-
terol in the gland, for the concentration of this sterol is normal or
greater than normal in the adrenals of the hypophysectomized ani-
mal. Furthermore, in the rat, 3 days following hypophysectomy,
the concentration ofcholesterol in the gland will return to its normal
value subsequent to its depletion by adrenotrophic hormone.
The processes concerned with the accumulation of cholesterol in
the adrenals are unknown; the substance may be synthesized in the
gland orbrought fromthe outsideby theiblood stream. The experi-
mental evidence, however, demonstrates that an excess of adreno-
trophic hormone can produce metabolic changes in the adrenal cortex
so that the transformation of cholesterol goes on at a faster rate
than does its accumulation in the gland.
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4. Hypertrophy of the adrenal cortex.
Alterations in adrenal cholesterol brought albout by the adminis-
tration of adrenotrophic hormone to adult rats precede glandular
hypertrophy. It would appear that the primary function of the
hormone concerns biochemical transformations in the gland and that
extension of the tissue mass is a secondary process by means of which
the gland enhances the number of working units to meet the energy
demands of these biochemical transformations.
In summary, the response of an animal to stress consists in part
at least of the activation of the adrenal cortex by pituitary adreno-
trophic hormone. It is too early to say that adrenotrophic hormone
is directly involved ini cortical hormone synthesis in the capacity of
a catalyst, however attractive such an hypothesis may be. How-
ever, the experimental evidence indicates that the hormone is inti-
mately concerned in conditions in which an increased demand for
cortical hormone is to be expected. Further, at the same time at
which the cholesterol is being depleted from the adrenals, glycogen
is deposited in the liver, and such glycogen deposition is known to
'be a metabolic process induced by steroid hormones of the adrenal
cortex (Long, Katzin, and Fry49). From these considerations it is
possible to formulate five degrees of response of the adrenal cortex
to alterations in the external or internal environment. The type of
response, in turn, is determined by the severity and duration of the
stress and may range from those of a very mild character to those in
which death soon occurs.
Type I. The characteristic feature of this type is a moderate
stress appliedtothe animal for a relativelyshort period of time. This
produces a sudden temporary secretion of adrenotrophic hormone,
in consequence of which the concentration of adrenal cholesterol and
sudanophilic material is reducedwithin afew hours of the application
of the stress. When the stress is removed and the level of adreno-
trophic hormone in the blood returns to normal the concentration
of adrenal cholesterol and sudanophilic material slowly returns to
its initial level. Under these conditions there may be but slight
or no hypertrophy of the gland, and while the animal may be more
or less severely affected during the period of stress it recovers within
a short period of time.
The best example of this type is the effect of a single injection
of adrenotrophic hormone, as described in this paper. However,
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the literature contains numerous examples of this type of stress some
of which are contradictory since obviously the actual level of adrenal
cholesterol and sudanophilic material found by the various investi-
gators is directly related to the time at which the determinations
were made. Relatively few investigators have followed the changes
in these adrenal substances over a period which includes both the
early depletion phase and the subsequent recovery phase.
The interesting observation that doubly refracting substance in
the adrenal cortex increases in amount during rest and diminishes as
the result of muscular activity was made at an early date by
Elliott and Tuckett."9 This agrees with the finding of de Jongh
and Rosenthal38 that exhaustive exercise of the rat will decrease by
70 per cent the concentration of cholesterol in the adrenal of this
animal. Knouff, Brown, and Schneider43 have made an extensive
investigation of the adrenal lipids following exercise in the guinea-
pig. When the animal is killed in a state of exhaustion after a
period of exercise varying from 5 to 9 hours adrenal cholesterol is
diminished to 44 per cent of the normal value. Under these con-
ditions no change in the fatty acid or phospholipid concentration of
the adrenals of the guinea-pig occurs. These investigators are not
willing to make a definite conclusion albout the sudanophilic material
although the data indicate that this substance did decrease. Ander-
son' exercised rats strenuously but not to the point of extreme
exhaustion. Sixteen hours after the end ofthe exercise the substance
which stains with Scharlach R had slightly increased in concentration
and spread throughout the entire cortex. During this period- a 6
per cent increase in adrenal size had taken place. The data with
respecttothe changes in adrenal cholesterol at varying time intervals
following exercise are not sufficient to draw conclusions. However,
the results of Andierson' suggest that if the period after exhaustion
is long enough the sudanophilic suXbstance of this gland will again
return to normal. Adrenal response to a short period of exhaustive
exercise can only be tentatively placed in Type I until more data on
this subject are accumulated.
The effect of low atmospheric pressure upon the sudanophilic
substance ofthe adrenal cortex ofthe rat has been studied by Darrow
and Sarason."4 One to two hours of exposure to low atmospheric
pressure is sufficient to deplete the stainable lipid of the cortex.
The depletion attains a maximum in one or two days, when recovery
commences. After an exposure of 7 days, all animals able to with-
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stand the low atmospheric pressure show normal lipid patterns in
the adrenals.
Pfeiffer68 reports that piqufre in the rabbit is followed in 70
minutes by marked diminution of the sudanophilic substance of the
adrenal cortex. This investigator claims that the effect is indepen-
dent of the nerve supply to the adrenals It is not likely that the
hyperglycemia following this injury is related to the results, for
both epinephrine and insulin deplete the cholesterol of the adrenal.
Epinephrine, 0.15 cc. of a 1:10,000 dilution, injected subcutane-
ously, is reported to produce no change in the sudanophilic material
of the adrenal cortex of the mouse when allowed to act for the short
period of 15 minutes (Whitehead87). However, in the rabbit,
epinephrine in a dose of 1 cc. of a 1:1000 dilution per kg. diminishes
adrenal cholesterol concentration to one-half its normal value in
a period of 8 hours (Mazzeo55).
Kalin and Miunzer"9 have observed that thesudanophilic material
of the rabbit adrenal is depleted within 6 to 8 hours following the
injection of insulin, while Chamberlain1' found a 40 per cent reduc-
tion in the concentration of cholesterol in the adrenals of this species
subjected to convulsive doses ofinsulin. The period between insulin
injection and the removal of the adrenals ranged from 2 to 6 hours.
Chamberlain" claims that the reduction in cholesterol can be partly
inhibited if the hypoglycemia is alleviated by the administration of
glucose. There is, unfortunately, no information about adrenal
lipids in the recovery period following the injection of either epine-
phrine or insulin in moderate doses.
The effect of a variety of drugs upon the adrenal lipids has
been reported. Chloroform and nitrous oxide anesthesia maintained
for an unspecified period of time, presumably a few hours, decreases
by one-third the cholesterol content of the adrenals of the guinea-pig
(Manceau53). Graham28 has followed the changes in Scharlach R
stainable material in the cortex of the guinea-pig following a 2- to
3-hour period of chloroform anesthesia. This substance is depleted
24 and 48 hours after exposure but has returned to normal 72
hours later. A non-fatal dose of phenol has been found by Gra-
ham28 to deplete this lipid substance in 48 hours, recovery of stain-
able lipid being apparent after 72 hours. That certain adrenal
lipids respond rapidly to the administration of toxic substances can
be gathered from the studies of Dosne and Dalton,'7 in which it was
found that a decrease in Sudan III and osmic acid stainable material
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could 'be detected within 1 hour after the subcutaneous injection of
0.4 cc. of formaldehyde into the rat.
Hemolytic doses of pyridine or tolylenediamine first decrease
(3 to 5 hours) then increase (12 to 48 hours) the cholesterol con-
centration of the adrenals of the dog (Marino54). At the end of
the 3- to 5-hour period an increase in fatty acids and phosphatide
with slight change in lipid phosphorus occurs. At the end of from
12 to 48 hours the fatty acids are still increased but no consistent
change in phosphatide or lipid phosphorus can be detected. A single
dose of saponin is followed first by a decrease then by an increase in
stainable lipids of the adrenal cortex (Hueck35).
Selye,77 in his description of the alarm reaction in the rat, points
out that the injection of adrenaline, formaldehyde, or morphine is
followed in the first 24 hours by the rapid loss of sudanophilic
material from the cortex and in the next 24 hours by the recovery
of this lipid.
It is to ibe concluded that toxic agents reduce the concentration
of cholesterol and of stainable lipid in the adrenal in a very short
space of time but that these lipid substances return to normal after
aperiod haselapsed inwhich the animal has made a recovery. This
response of the adrenal corresponds to that described as Type I.
Dosne and Dalton"7 followed the changes in osmic acid and
Sudan III stainable material in the adrenal cortex of the rat exposed
to an environmental temperature of -3° to -5° C. for 1 hour, 24
hours, and 7 days. A decrease was evident at 1 and 24 hours, and
marked after 7 days. Hypertrophy of the cortex had occurred after
exposure for 24 hours and for 7 days. The data of Flexner and
Grollman2' are not entirely in agreement with those of Dosne and
Dalton,'7 since they found an increase in osmic acid stainable mate-
rial of rat adrenal cortices 30 min., and 1 and 4 hours after exposure
ofthe animals to a temperature of 100 C. However, after 22 hours
of exposure marked depletion had taken place. When the environ-
mental temperature was raised to 37 to 400 C. the material staining
with osmic acid increased after the 30 min. and 1 hour exposures,
but after from 3 to 5 hours at this temperature it was almost com-
pletely depleted. Complete depletion resulted from a 10-hour
exposure to this high temperature. The changes which Flexner and
Grollman24 report as takingplace duringthe earlyperiod of exposure
are not in accord with the findings in other laboratories.
Ewart23 has found that the sudanophilic and doubly refracting
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material of the adrenal cortex is markedly depleted when rats are
exposed to a temperature of 40° C. for 36 hours, a time sufficient to
cause an appreciable increase in rectal temperature. Hyperthermia
under the same experimental conditions has also been studied by
Ewart23 in the rabbit in relation to quantitative changes in adrenal
cholesterol. The animals were killed for analyses when a definite
rise in rectal temperature hadtaken place. In some animals this had
occurred within 4 hours and the cholesterol concentration had dimin-
ished from a normal value of 2.8 to 1.0 per cent. From the experi-
mental data it can be concluded that abnormal temperatures can
cause a rapid alteration in adrenal cholesterol and sudanophilic
material. The exhaustion of these lipids is apparently proportional
to the intensity and duration of the exposure. When the exposure
is severe enough then exhaustive changes similar to those which will
be described as Type III occur. The data in the literature hardly
justify the conclusion that temporary exposure to an abnormal envi-
ronmental temperature results in a response of the nature of Type I.
Recently, however, in this laboratory evidence has accumulated
which indicates that this actually is the case. The concentration of
adrenal cholesterol has been found to be reduced to one-half its
normal value when rats are exposed to a temperature of -1° C.
for 6 hours. However, if the animals are removed from the cold
at the end of the 6-hour period and placed at room temperature
again for 24 hours the cholesterol content of the adrenals has
returned to normal (Fry and Long25). It would appear then that
in a situation where the exposure is of a temporary nature the pitui-
tary isstimulated to secrete adrenotrophic hormone for a short period
of time and changes are produced in the adrenal cortex analogous
to those produced by a single intraperitoneal dose of adrenotrophic
hormone.
Type II. This type of adrenal response is one in which the
alteration in the external or internal environment proceeds at a
slow rate. Thus, there is only a gradual increase in the demand for
cortical hormone and the secretion of adrenotrophic hormone to meet
this need is likewise slow and continuous. Under these circum-
stances the concentration of adrenal cholesterol remains practically
normal, but the actual mass of glandular tissue slowly increases.
In this way the increased demand for cortical hormone is met, not
by a sudden depletion of its store as in Type I, but by increasing
the number of functional units in the gland.
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Early reports (Wacker and Hueck,84 Barberg6) that pregnancy
in the human is accompanied by an increase-in the cholesterol content
of the adrenals must be taken with a good deal of skepticism, since
the cause of death rather than pregnancy would be the most impor-
tant consideration in such a study in the human. In the rat the
material in the cortex stainable with Scharlach R is of the same
order of concentration and distribution during pregnancy, lactation,
and diestrus (Anderson and Kennedy2). These investigators
repprt that no change in size of the adrenal takes place in pregnancy.
Chamberlain"0 found an average decrease of 24 per cent in the con-
centration of cholesterol in the adrenals of rabbits pregnant for from
6 to 28 days. No change in adrenal size took place. Anderson and
Sperry3 analyzed the adrenals of two groups of rats; one pregnant
for 18 days, the other at parturition. A decrease of 34 per cent
in the concentration of adrenal cholesterol and an increase of 15
per cent in adrenal weight occurred in the first group. At parturi-
tion the decrease in cholesterol was great, amounting to 47 per cent,
and the adrenal was augmented with a mass of tissue equal to more
than one-third of the normal weight. During lactation the choles-
terol concentration returned to normal while the weight of the gland
was smaller than it was during pregnancy but still 13 per cent above
normal. During the first 6 days of pregnancy in the rabbit a 19
per cent decrease in adrenal cholesterol was offset by a tissue mass
increase of 18 per cent, while in the period extending from the 19th
to the 28th day the average decrease in adrenal cholesterol was 26
per cent and the tissue mass increase was 105 per cent (Randall and
Graubard70). Marked increases in total lipid concentration occurred.
No alteration in phospholipid took place during the early period but
this component did decrease by 18 per cent in the later period. It
is to be seen that no great decrease in the concentration of cholesterol
occurs in the adrenal during pregnancy except at parturition and
that the decrease that does occur is compensated for by an increase
in cortical tissue mass. These observations suggest that adrenal
response in pregnancy corresponds rather closely with Type II of
the classification, the type in which the slow gradual increase in
demand for cortical hormone is fulfilled by an increase in adrenal
tissue mass.
A survey of experiments concerning fasting indicates that no
apprecikable change in adrenal cholesterol or sudanophilic material is
produced by this condition unless it is extended to the point of
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collapse of the animal. The response of the adrenal to fasting falls
into Type II, there being a slow gradual increase in the demand for
cortical hormone as the fast progresses which is adequately met by
the mobilization or synthesis of cholesterol in the gland. Okuneff83
fasted rabbits for a period of from 9 to 12 days during which time
they lost 30 to 40 per cent in body weight. No change in the
sudanophilic or doubly refracting material of the cortex could be
detected. The adrenals increased in size iby 70 per cent. White-
head89 has studied the distribution of cortical sudanophilic substance
in the fasting guinea-pig and ra!bbit. No definite evidence of anv
change could be noted in the rabbit fasted 3, 7, or even 14 days.
A number ofthe animals fasted for from 16 to 32 days and showing
signs of marked weakness did exhibit depletion of sudanophilic sub-
stance. In the guinea-pig a redistribution of sudanophilic substances
occurs in animals fasted for 3 or 7 days but no signs of depletion
are evident. Depletion does occur when the period of fast is
extended to from 8 to 15 days at which time collapse has ensued.
A numiber of chemical analyses of the adrenal lipids during fast-
ing have been made. It has been a point of interest that adrenal
lipids unlike the fats of other tissues do not disappear during inani-
tion. Landau and McNee47 reportthat there isan increase incholes-
terol in the adrenals of man when death has been preceded by
inanition. However, the situation in man is too complex to permit
any safe conclusion. Three to four days of fast produces but a
slight lowering (9 per cent) of adrenal cholesterol in the guinea-pig
(Mouriquand and Leilier59). This has been confirmed by Oleson
and Bloor."4 According to the latter investigators the decrease is
14 per cent at 3 and 7 days of fasting. At the verge of death of the
guinea-pigs, however, i.e., when the fast is extended to from 10 to
14 days, a 40 per cent decrease in adrenal cholesterol concentration
takes place. No changes in the fatty acid concentration of the gland
occur, while the phospholipids show slight changes but no definite
trend. No increase in size of the adrenals occurred. In the fasted
raibbit an actual increase in the cholesterol concentration of the gland
has been reported (MacLachlan, Hodge, and Whitehead5"). At 3,
7, and 14 days of fasting there is respectively a 34, 27, and 24 per
cent increase in cholesterol concentration. Beyond 14 days the
increase is said to amount to 63 per cent. This marked increase is
difficult to explain. The total lipid content increases while the
neutral fat at first increases then decreases in concentration. No
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change in phospholipid concentration takes place at any period of
fasting, while a gradual glandular hypertrophy progresses with the
days of fasting. The evidence in general indicates that no appre-
ciable change in adrenal cholesterol or sudanophilic substances takes
place during fasting until the animal is in a state of extreme weakness
and death is imminent.
The adrenal glands of the rat enlarge when the animal's intake
of dietary protein is increased and the sudanophilic material is
depleted to a moderate extent (Tepperman, Engel, and Long80).
The hypertrophy accompanied by moderate lipid depletion indicates
that in this situation the response of the adrenal corresponds to
Type II.
There appears to be a discrepancy in the reports concerning the
action of thyroid extracts on adrenal lipids. Desiccated thyroid fed
in a dose of 20 to 76 grains per day over several days produces no
change in the concentration ofcholesterol intheadrenals ofthe rabbit
according to Chamberlain,1' whereas an increase of adrenal choles-
terol (Parhon and Werner05) and of sudanophilic substance
(Halbn"0) is said to result from the daily ingestion of thyroid.
Two other groups of investigators, however, claim that a decrease
in adrenal lipid follows the administration of thyroid. Munk02
found the doubly refracting material of the cortex of the guinea-pig
to diminish after the injection of thyroid extracts and Hoen, Lange-
feld, and Oehme3" report that 35 micrograms of thyroxin per 100
gm. of body weight administered daily for 14 days to the guinea-pig
decreases by 33 per cent the adrenal cholesterol of these animals.
Probalbly the reason for these conflicting reports lies in the difference
in doses of thyroid used. Deanesly"5 gives this reason a factual
basis in her astute observation that two degrees of response of the
adrenal cortex may follow the administration of toxic substances.
In both the adrenal is enlarged, but in one the cortex is depleted
of stainable lipid whereas in the other lipid increases in proportion to
enlargement instead of diminishing. The first is brought about by
the administration of concentrated amounts of killed Gaertner bacilli
or large doses ofthyroxin, the second by weak doses of the Gaertner
organism, thyroxin, or morphine. This is an excellent description
of the distinction between what will be described in the following
section as Type III and the type of adrenal response which is dis-
cussed in this section.
Type III. This is the type of adrenal response that is found
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when the organism is subjected to severe and often sudden stresses
that are beyond its ultimate capacity to meet, even though all its
availalble recuperative resources are mobilized. The demand for
cortical hormone is not only excessive but is continuous until death.
During the period of survival adrenotrophic hormone is secreted at
a maximum rate and in consequence the adrenal cholesterol and
sudanophilic material is rapidly and markedly depleted. The gland
may at the same time undergo marked hypertrophy, the degree of
which will be determined by the interval between the application of
the stress and the death of the animal. A frequent characteristic of
animals subjected to these conditions is hypertrophied adrenal cortices
practically devoid of cholesterol and lipids.
The effect of prolongation of fasting to the point of death has
already been described in the previous section. It was noted that
marked depletion is brought about under these circumstances. Two
more references may ibe cited in this connection. Complete starva-
tion of mice (Ponomarev"9) and death due to starvation of the dog
(Giglioli27) result in a marked diminution of the cortical sudano-
philic substance.
Histochemical studies (Morelli and Gronchi,58 Iwa!buchi,36 and
Peiper66) are in agreement that the sudanophilic substance of the
adrenal cortex is markedlydepleted in the guinea-pig suffering from
a vitamin C deficiency. Thecholesterol concentration ofthe adrenal
is also depleted, being 34 per cent of the normal level after only 3
or 4 days on a deficient diet (Mouriquand and Leilier59). Randoin
and Michaux7" determined both the cholesterol and fatty acid concen-
trations oftheadrenals at variousperiods oftime following theinitia-
tion of a vitamin C deficiency in the guinea'-pig. If anything, there
was a slight increase in fatty acid concentration while cholesterol
gradually decreased from a value of 5.1 per cent on a complete
synthetic diet to 2.8 per cent after from 26 to 32 days of the
deficiency.
Vitamin B1 deficiency reduces the cholesterol concentration in
chicken adrenals from 2.1 to 0.7 per cent (Arai5). In pigeons the
level is diminished by one-third after from 18 (Kellaway42) to 48
days (Hotta33) of the deficiency and by 67 per cent when the defi-
ciency is extended to the point of collapse. Beriberi in the rat has
been reported to decrease the cholesterol concentration of the
adrenals from 4.5 to 1.0 per cent (Kooy and Rosenthal44).
The data just reviewed, particularly those with reference to
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cholesterol, make it clear that the adrenal cortex is stimulated to
the point of exhaustion in severe vitamin deficiencies.
A large number of studies have been made of the change in
adrenal lipid following death due to infectious processes both in man
and in experimental animals. Depletion of stainable lipid of the
cortex has been reported to occur in mice injected with killed
Gaertner bacilli (Deanesly'5) and in mice clinically ill with infectious
ectromelia (Whitehead88). Colon 'bacilli injected intraperitoneally
into the guinea-pig produce a marked decrease in the Scharlach R
stainable material of the cortex (Graham28).
Boranova9 reports that adrenal cholesterol is diminished in the
guinea-pig inoculated with tubercle (bacilli. The lipid constituents
of the cortex of infected animals have been carefully investigated by
Baumann and Holly.7 These investigators report that in the guinea-
pig dead of infection the cholesterol concentration of the adrenal
decreases by 73 per cent and the ether-alcohol extractable material
(less cholesterol and phosphatides) increases by 45 per cent. In
neither species did the concentration of phosphatide change during
infection. Sperry and Stoyanoff79 injected paratyphoid organisms
into the rat. The cholesterol concentration of the adrenal fell from
5.3 to 0.65 per cent in animals surviving less than 40 hours, to 0.61
per cent in animals surviving 40 to 120 hours, and to 0.77 per cent
in rats surviving longer than 120 hours. In animals whose recovery
seemed established cholesterol had returned to 2.95 per cent.
Infectious processes markedly deplete the stainable lipid of the
human adrenal. A number of studies are in complete agreement
on this subject (Menten and Smith,56 Blumensaat,8 Laignel-Lavas-
tine,4" Weltmann,86 Karohny,40 Lucke, Wight, and Kime,"0 Elliott,'8
Sarason73a).
Adrenal cholesterol is also markedlydepleted in man when death
is the result of an infectious disease. Wacker and Hueck84 reported
a decrease in long-continued infectious disease, septic processes,
chroniculcer, and cancer. Values as low as 0.5 per cent in infections
have been reported by Landau and McNee,47 and Lage45 reports
values ranging from 0.3 to 1.0 per cent in a group of children dying
of infectious diseases. The normal concentration of cholesterol in
the human adrenal is close to 4.0 per cent. This value is taken from
the careful study of Ewart,23 who found a diminution to 2.9 per cent
in afebrile deaths, a greater decrease to 1.4 per cent in carcinoma,
and the greatest decrease in febrile cases, the value in this group
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being 0.8 per cent. The major part of the change involved ester
cholesterol.
Diphtheria intoxication exhausts the stainable lipids of human
adrenal cortices (Elliott18) and those of the guinea-pig (Clevers and
Goormaghtigh"2). Mouriquand, Leilier, and Sedallian6" havedeter-
mined cholesterol in the adrenal following the injection of a fatal
dose of dliphtheria toxin. They give no control levels. Ten to
twelve hours after the injection, when the animals were definitely
sick, the value was 3.5 per cent, at the time of marked sickness it
was 3.1 per cent, and at death it had dropped to 2.5 per cent.
Elliott'8 reported the depletion of stainable lipid of the human
adrenal cortex in severe hemorrhage, and Urechia, Manta, and
Bumbacescu82 in two fatal burn cases. Depletion of sudanophilic
material of the cortex occurs within 1 to 6 hours after the end of a
severe hemorrhage in the rat (Engel, Winton, and Long21), and in
the dog, materials stainable with Sudan III, Scharlach R, and osmic
acid are depleted within 5 hours of the onset of a muscle injury
which results in the production of "shock" (Donahue and Parkins'6).
Furthermore, depletion of stainable lipid is also reported to occur
2'2 hours after the induction of freezing shock in the dog (Muir-
head, Ashworth, Kregel, and Hill"1).
Depletion of stainable lipid following burns has been observed
in the rabbit (Urech'ia, Manta, and Burnbacescu,82 Pfeiffer"8) and in
the guinea-pig (Pfeiffer68). Pfeiffer observed the changes to take
place as early as 90 minutes following the burning of guinea-pigs.
Thedepletion continues with time followingburning and when death
occurs 24 hours after injury the stainable fat of the cortex is mark-
edlyreduced oralmost entirely gone. Crema'8 has made some very
interesting clbservations on lipid constituents in the cortex of-burned
guinea-pigs. Control levels of cholesterol, total lipid, and lipid
phosphorus as phosphorus are respectively 4.7, 21.7, and 0.4 per
cent in control animals. The cholesterol concentration in animals
dead in 24 hours had decreased to 2.5 per cent. Animals dead 2
to 3 days after burning had values, respectively, of 0.7, 14.7, and
0.26 per cent for the three lipid constituents. Survivors analyzed
7 to 20 days later had the following concentrations; 4.0, 19.6, and
0.31 per cent respectively.
It is readily seen that in animals dying of infectious processes or
shock following hemorrhage, trauma, or burns the adrenal is stimu-
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lated to exhaustion and that the degree of response is that described
as Type III.
Type IV. The basic characteristic of this type is a secretion of
adrenotrophic hormone in excess of the requirements of the organism.
In other words, they are associated with alterations in anterior lobe
function and are not, as in the previous types, a consequence of the
demand of the organism foran increased secretion of adrenal cortical
hormone.
In response to this excessive stimulation the adrenal glands
become enlarged and their content of cholesterol and sudanophilic
material is increased. This produces the effects associated with
hypersecretion of the cortical hormones which in man ultimately
produce the bizarre condition known as the Cushing syndrome.
Experimentally, theadrenal changes are stimulated by the prolonged
administration of the adrenotrophic hormone although up to the
present time nothing resembling the Cushing syndrome has by this
means been produced in animals. It is probable howevier that the
effects in man are a result of exposure to an excess of cortical hor-
mones for far longer periods than have been used in animals.
Crude extracts of the pituitary gland administered over a period
of days will promote the deposition of stainable lipid in the adrenals
of the normal rat (Emery and Atwell20), the hypophysectomized
dog (Houssay, Biasotti, Mazzoco, and Sammartino34), and the
hypophysectomized rat (Evans, Meyer, and Simpson22). In the
immature rat (Moon57) a more purified adrenotrophic hormone
preparation will increase the concentration of lipid throughout the
entire gland and bi-refringent substances are also stored in excess
after prolonged treatment of the castrate rat with an adrenotrophic
hormone preparation (Weaver and Nelson85). In this paper it has
been shown (Table 1) that the administration of pure adrenotrophic
hormone over a period of three days enlarges the adrenal and brings
about the deposition of sudanophilic substance and cholesterol in
normal or greater than normal concentration in this tissue.
It has been reported (Russell, Evans, and Crooke72) in two cases
of basophil adenoma of the pituitary gland that the adrenals are not
only enlarged but they are loaded with stainable lipid. This agrees
with the changes which have been obtained following administration
of pituitary extracts to the normal animal.
Type V. Hypophysectomy in animals or the development of
hypopituitarism in man produces a situation in which the adrenal
386ADRENAL CHOLESTEROL
cortex becomes completely irresponsive to circumstances which in a
normal animal elicit a prompt secretion of cortical hormones. Not
only are the adrenals reduced in size but their cholesterol content,
which may be normal in its concentration, is not altered by exposure
of the animal to such a stress as hemorrhage (Sayers, Sayers, and
Long"4). Along with this inertia of the adrenal goes the well-
known poor resistance of hypophysectomized animals. Further-
more, it is now estaiblished that only by the injection of cortical
hormones or the adrenotrophic hormone can this lowered resistance
be restored to normal.
The five types of adrenal response are summarized in Chart 1.
It is quite obvious, particularly with respect to Types I, II, and
1lI, that a certain degree of overlapping occurs. Not all of the
responses of the adrenal cortex can be placed exactly in one type
or another, since a large number of them occupy intermediate posi-
tions. The sole purpose of this classification is to emphasize the
fact that the observed alterations in adrenal lipids, particularly in
adrenal cholesterol, are to a major degree determined by the activity
of the anterior lobe of the pituitary. The participation of the ante-
rior pituitary and the adrenal cortex in the resistance of the organism
to stress appears to be well established although the actual mechan-
isms by which an increased secretion of cortical hormones enable the
organism to resist stress are as yet unknown.
Summ4ry
1. A single dose of pure adrenotrophic hormone administered
to rats diminishes adrenal cholesterol to from one-half to two-thirds
of its normal level within a period of three hours. Six and nine
hours following hormone treatment adrenal cholesterol may still be
low or show a tendency to return to normal. These changes have
been found to occur in the immature rat, the adult rat, and the rat
whose pituitary has been removed three days previous to the admin-
istration of hormone. At the end of 24 hours the value has returned
to the original pre-treatment level or is slightly increased above this
level. Adrenotrophic hormone produces no change in the choles-
terol content of the adrenals of the hypophysectomized rat when the
period following hypophysectomy is extended to 14 days.
2. It appears that adrenotrophic hormone is not concerned with
the maintenance of cholesterol in the adrenal, for the concentration
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of cholesterol in the adrenals of the hypophysectomized is as great
as is that of the normal rat and will reappear in the adrenals of
hypophysectomized rats after it has been depleted by an injection of
adrenotrophic hormone.
3. A single dose of adrenotrophic hormone brings about the
deposition of glycogen in the liver of the adult intact and of the
3-day hypophysectomized rat during the period in which the choles-
terol content of the adrenals is diminished. The hormone shows
no gluconeogenetic activity when the period following hypophy-
sectomy is extended to 14 days.
4. Serum cholesterol is elevated in the hypophysectomized rat.
5. A single dose of adrenotrophic hormone prepared from hog
pituitaries had no effect upon the level of serum cholesterol of the
adult, the 3-day hypophysectomized, or the 14-day hypophysec-
tomized rat. A preparation made from beef pituitaries produced a
significant drop in serum cholesterol three hours after its injection
into the adult intact rat.
6. Repeated doses of adrenotrophic hormone administered over
a period of three days to the immature rat produce adrenal hyper-
trophy. A total dose of 2 mg. of hormone results in a normal con-
centration of cholesterol in the enlarged gland whereas 5 mg. cause
an increase of this substance.
7. From these experimental findings an interpretation has been
made of the changes which have been reported in the literature to
occur in adrenal cholesterol and sudanophilic substance under a wide
variety of circumstances. The following factors must be taken into
account in an analysis of the data, (1) the intensity of pituitary stim-
ulation, (2) the duration of pituitary stimulation, and (3) the time
during or after pituitary stimulation at which the adrenals are
analyzed. It is possible to describe five degrees of adrenal response
in terms of the changes in concentration of cholesterol and sudano-
philic substance in this gland. (1) A sudden temporary period of
stress results in a temporary depletion of adrenal cholesterol and
sudanophilic substance followed by the return of these substances to
normal concentration when the animal recovers. (2) A very slow
gradual change in the internal or external environment produces no
great change in adrenal cholesterol or sudanophilic substance. (3)
Severe conditions of stress ending in death bring about a very marked
depletion of adrenal cholesterol and sudanophilic substance. (4)
Hypersecretion of the pituitary under circumstances in which there
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is no need for extra cortical hormone results in the storage of choles-
terol and sudanophilic substances in the adrenal. (5) Loss of the
pituitary leaves the cholesterol and sudanophilic substance inert and
non-responsive to changes in the internal and external environment.
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